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We have thus arrived at a form of pulse which represents complete 
radiation at all temx3eratures, and the statistical relation between it and 
the harmonic constituents of the radiation emitted by the various groups of 
molecules. Meantime fuller discussion of the above is reserved for a later 
paper. 



On the Temperature Variation of the Photo-elastic Effect 

in Strained Glass. 

By L. IST. G. Filon, M.A., D.Sc, F.E.S., Goldsmid Professor of Applied 
Mathematics and Mechanics in the University of London. 

(Eeceived December 30, 1913, — Kead January 29, 1914.) 

1. The object of this investigation was to determine in what manner the 
stress-optical coefficients of glass vary with change of temperature. The 
method of measuring the stress-optical coefficients was the one described 
in ' Proc. Eoy. Soc./ A, vol. 83, pp. 573 et seq., but the following modifications 
were introduced for the special purpose in view. 

2. The glass slabs were enclosed in a double-walled copper chamber. In 
the space between the two walls a constant circulation of steam could 
be maintained. Two windows of plane parallel glass in the front and 
back of the chamber allowed light, previously analysed by a grating, to 
traverse the slabs and to be focussed in a spectrographic camera. 

The plan and front elevation of the chamber are shown in fig. 1. 

Apertures were provided in the sides of the chamber to allow long wooden 
arms, by means of which bending moment without shear could be applied 
to the slabs, to project outside. As a certain amount of free play had 
to be allowed to these arms, the apertures could not be made close-fitting 
or packed tightly with cotton wool. In order to prevent draughts and 
loss of heat, thick felt pads Pi, P/, P2, P2', were fitted round the arms 
at the exit and entrance to the apertures as shown in fig. 1. This 
practically closed the apertures while allowing the arms free motion, and the 
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friction of the pads could be neglected in comparison with the other forces 
applied. 
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Fig. 1. 



An arrangement of partitions (not shown in the figure) inside the double 
wall ensured that steam circulated evenly through every part of the hollow wall. 

A thermometer T passed through a cork in the roof of the chamber, 
its bulb being between the two slabs just outside the path of the rays of 
light. When a steady state had been reached inside the chamber, the reading 
of this thermometer was assumed to give the temperature of the glass slabs. 

Under the circumstances it was impossible to avoid a fairly large loss 
of heat through the various apertures. N'evertheless a steady temperature 
of 91° to 94'' C. was always attained, and the definition of the spectrum 
after passing through the slabs showed that there can have been no serious 
inequalities of temperature inside them. 

3. The correction for the prismatic shape of the slabs induced by flexure 
was allowed for, as explained in the paper referred to, by immersing the 
slabs between two layers of oil. The use of oil of oedarwood, which was 
employed previously, had to be discontinued, as it was found to coagulate at 
the higher temperatures. A sample of transformer oil, for which I am 
indebted to the kindness of the Vacuum Oil Company, Ltd., was used instead, 
and so far has proved entirely satisfactory. The index of refraction of this 
oil had to be determined at both temperatures. This was done by measuring 
photographically the deflection of a spectrum line after traversing a wedge 
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cell, whose faces were of optically worked glass, filled with the fluid whose 
refractive index was required. The angle of the wedge was first found 
by measuring the deflection produced when it was filled with water at 
ordinary temperature. It was then filled with oil, placed inside the double- 
walled chamber, and the deflection was again measured at any required 
temperature. The index of refraction of the oil for the given line of 
the spectrum could then be calculated. 

4. A precisely similar method was used to determine the normal index 
of refraction of the glass used, when unstressed, at the temperatures of 
the experiments. Previously this refractive index had been obtained by 
fitting the usual dispersion formula to the values of the refractive index 
for a few standard lines, as supplied by the makers. 

This method had long been felt to be unsatisfactory, and for the higher 
temperatures it was unavailable. Accordingly prisms of small angle, were 
cut from the material of the slabs and the deflections of every spectrum 
line used read off at the lower and higher temperatures. The refractive 
indices were then calculated. 

5. The glasses used were Jena glasses, transparent to ultra-violet flight 
and bearing the maker's catalogue number UV3199. These had already 
been examined at ordinary temperatures some three years before, and 
the results published in the paper already quoted. 

It was now discovered that a certain amount of anomalous dispersion 
existed for two wave-lengths in this glass : and that this anomalous dispersion 
was intensified by rise of temperature. The discussion of this effect, how- 
ever, it is proposed to reserve for a separate paper. As a matter of fact 
its influence on the correction for prismatic shape due to bending was 
found to be very slight; but it may have an important bearing on the 
interpretation of similar anomalies in the photo-elastic effect. 

6. The stress-optical coefficients were calculated by the method described 
in 'Proc. Eoy. Soc./ A, vol. 83. 

The results are expressed in a unit of 10~^^cm.^ per dyne^ In the 
paper quoted above I used a unit of 10"^^ cm.^ per gramme weight, and 
proposed to call it o^hrewster. Since then it was pointed out to me that 
it would be preferable to use in all cases an absolute, instead of a 
gravitational unit. The new unit is about 1*02 of the old, and I ptopose 
to transfer to it the suggested name of hrewster. 

The values of the stress-optical coefficients Ci, C2* (both of which are 

* Cj is defined as the increase per unit tension of the index of refraction of the ray 
polarised in the line of stress ; Cg as the corresponding quantity for the ray polarised 
perpendicularly to the line of stress. 

VOL. LXXXIX. — A. 2 Z 
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negative), are given in columns II, III, V, VI of the table below for 
temperatures of 18° C. and 90° C. In columns I and IV have been 
entered the values of Ci, C2 as determined for the same glass at about 
15° C. some three years previously. These are taken from Table II of 
the paper quoted above, but expressed in the new units. 



Table of Stress-Optical Coefficients for Glass UV 3199. 





I. 


II. 


III. 


lY. 


Y. 


YI. 




~Ci. 


-C,. 


~Ci. 


— Cg. 


— 0.2. 


. -C2. 


A. 


At 15° 0. 


At 18° C. 


At 90° 0. 


At 15° C. 


At 18° C. 


At 90° 0. 




(1909). 


(1912). 


(1912). 


(1909). 


(1912). 


(1912). 


6600 




0-86 


0-75 








6494 


0-67 


0-86 


0-73 


3-80 


3-75 


3-90 


6472 




0-86 


0-71 


3-74 


3-73 




6463 


0-70 


0-88 


0-74 




3-75 


3-91 


6450 




0*87 


0-70 




3-75 




6439 


0-71 


0-88 


0-74 


3-75 


3-77 


3-91 


6169 




0-85 


0-78 




3-76 


— 


6163 


0-69 


0-85 


0-78 


3-80 


3-77 


3-85 


6122 


,._ 


0-87 


0-79 


3-78 


3-77 


3-88 


6103 


0-67 


0-87 


-78 


3-79 


3-75 


3-87 


6896 


0-65 


— 


0-80 


3-70 






5890 


0-67 




0-78 


3-75 






5868 






0-78 






3-95 


5858 


0-71 


0-84 




3-71 




3-86 


6603 






0-70 








5601 






0-69 




3-78 


3-87 


5599 




0-85 










5595 




0-85 


0-69 




3-74 


3-86 


5590 


0-69 


0-83 


0-71 


3-77 


3-77 


3-86 


5582 




( 






3-73 


— 


5513 


0-65 




0-64 






— 


5270 


0-63 




0-72 


3-78 


3-75 


3-89 


6265 






0-73 




3-71 




5262 






0-70 








6189 


0-64 




0-72 


3-81 






5042 


0-59 




0-73 


3-79 






4878 


0-60 


0-87 


0-77 


3-84 


3-80 


— 


4807 










3-78 




4586 


0-58 


0-83 


-76 


3-86 


3-87 


3-96 


4582 


0-58 




0-73 






4-00 


4527 


0-52 


0-79 




3-85 






4456 


0-60 


0-77 


0-71 


3-89 


3-75 


4-01 


4436 


0-59 


0-75 


0-73 


3-90 


3-75 


3-98 


4426 


0-69' 


0-75 


0-76 


3-86 


3-75 


3-93 


4319 


0-57 


0-72 


0-60 


3-86 


3-75 




4308 




0-72 


0-64 


3-86 


3-76 


3-87 


430^ 


0-60 


0-74 


0-67 


3-87 


3-77 




4299 




0-72 


0-64 


3-84 


3-78 


3-91 


4290 








3-81 


3-77 




4283 


0-58 


0-75 


0-66 


3-84 


3-81 




4227 








3-84 




3-88 


3969 


0-53 


0-76 


0^64 


— ■ 






3934 


0-54 


0*72 


0-64 









The gaps in the above table are due to the fact that many lines gave measurable images on one 
plate but not on another. 
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592 Photo- elastic Effect in Strained Glass. 

The results are exhibited in the diagrams of fig. 2, the base line being 
shifted so as to bring the curves of Ci and Cs close to one another for .rposes 
of comparison. 

The curves running through the observations are merely pr n as guides 
to the eye, to call attention to the general trend of the obs^ ations. They 
are not intended in any way to represent accurately ' > " best fitting '' 
curves. 

7. If we compare the 1912 observations at the two temperatures it appears 
that the coefficient Cg is numerically increased, Ci numerically diminished, by 
rise of temperature. 

If, however, we now compare the 1912 observations at the lower tempera- 
ture with the 1909 observations at a sensibly equal temperature, we get 
tolerable agreement as regards C2 but a serious difference in C^, which cannot 
be explained away by errors of observation. 

The conclusion seems forced upon us that these stress-optical properties 
are not permanently fixed, but vary with the time and with the life-history 
of each individual piece of glass. 

Possibly a slow readjustment of internal conditions takes place inside the 
glass, analogous to the settling down of highly viscous material. 

But possibly also, the coefficients may be altered by the treatment received 
by the piece of glass in the interval. N"ow, of the 1912 measurements, those 
at the higher temperature were taken on January 18 and February 29, those 
at the lower temperature on March 7 for Ci and March 14 for C2. It is 
therefore possible that the general shift of the Ci curve represents the 
residual effect after heating. No observations were taken in 1912 before 
applying heat: an omission which unfortunately cannot now be repaired. 
But clearly the effect of previous treatment will now have to be carefully 
studied. 

One statement, at any rate, we can make with some certainty : the rise of 
temperature causes a temporary increase of the coefficient C2. 

As regards the general trend of the curves there is in all the Ci curves a 
slight average fall from red to blue and in all the C2 curves a slight average 
rise from red. to blue. This seems unaffected by change of temperature. 

Superimposed upon this general trend are local irregularities of the type 
already discussed in the paper several times referred to. These may or may 
not be significant. A rise between X4300 and X4600 occurs in all the 
curves representing observations taken at temperature 90° 0. or after the 
glasses had been raised to that temperature : there seem to be traces of this 
rise in the 1909 observations of C2. Probably this irregularity is significant 
and is made prominent by rise of temperature. In this connection it may be 
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well to note that the ordinary dispersion of this glass shows anomaly near 
\4300. 

One other local irregularity seems worthy of notice ; this is the dip in the 
Ci curve at 90° C. near \ 5500. This is isolated : there is nothing corre- 
sponding to it in any of the other curves. This dip appears, however, well 
supported by the neighbouring observations. If it prove real it is of con- 
siderable interest, being apparently developed only at the higher temperature. 

8. In conclusion I have to express my very best thanks to Dr. E. N". 
da C. Andrade for his invaluable assistance. Dr. Andrade very kindly under- 
took to measure for me the spectrograms and has expended much valuable 
time and care upon this task. 

My acknowledgments are also due to Professor F. T. Trouton for con- 
tinuing to me the kind and helpful hospitality of his laboratory at University 
College, London. 



Transparence or Translv^ence of the Surface Film produced in 

Polishing Metals, 

By G. T. Beilby, F.E.S. 
(Eeceived January 21, — Eead February 12, 1914.) 

[Plate 11.] 

In a communication to the British Association* it was suggested that all 
smooth metal surfaces are covered with an enamel-like transparent layer. 
In a subsequent communication to the Eoyal Society f the actual formation 
of a surface layer or skin by polishing was demonstrated. Two of the photo- 
micrographs in the latter paper (figs. 5 and 6, Plate 9) showed that minute 
pits on a polished surface of antimony had been covered over by a film of 
this description. It was suggested that the diminished reflecting power of 
the fihii covering the pits probably indicated that it had become trans- 
lucent, but no direct evidence of this translucence was afforded by these 
particular observations. It was also suggested that the film might have 
been carried across the pits on a support provided by small granules or 
flakes which had filled up the pit to the level of the general surface. The 

■^ ^Brit. Assoc. Eep.,' 1901, p. 604. 
t ' Proc. Eoy. Soc.,' A, vol. 72, p. 218. 



